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ABSTRAC T 
1. Acetyl thioctic ac id  has  been prepared  chemically and i t s  chromatographic 
and acetylating behavior i s  described. 
14 2.  A C -containing substance has  been found in Scenedesmus, photosynthe- 
14 
sizing in  the presence  of a-6 -pyruvate, which has  proper t ies  suggesting 
that it i s  acetyl thioctic acid. 
14 3 .  A C -containing substance has been found in Aerobacter aerogenes,  metab-  
14 
olizing a-C -pyruvate, which shows the propert ies  of a labile conjugate 
of thioctic acid with some relatively polar groups. 
4. Acetyl thioctic acid i s  formed in vi t ro when light ac ts  on a solution of 
-- 
thioctic acid and pyruvate. 
Vc2 Fiji 
Radiation Laboratory and Department of Chemistry 
Univer sity of 6 alffornia, Berkeley, California 
March 30, 1955 
INTRBBUC; TION 
The participation of thioctic acid in the oxidative carbcaxyBation of 
pyruvic acid i s  well established. In addition, i t  i s  suggested that i t  may also 
participate in either the fission or formation of other a-keto akohol  or a-keto 
acid carbon-to-carbon linkage.' This knowledge, together with some observa- 
tions on the behavior of certzin intermediates En photos ymthetic or gani snn s, 
seems to closely implicate thioctic acid p r imary  photochemical quantum 
2 
conversion. For  these reasons it seemed desirable to obtain additiona.1 
information about the forms and campounds into thioctie acid may be 
converted, both in photosynthetic systems and ir! other or ganisnms in which 
the fission of the a-keto carbon-to-carbon linkage as wel l  as  the formation of 
the a-keto alcohol ca r  bon-to-carbon linkage takes place, It i s  the purpose of 
this paper to repor t  a noamber of observations on the occurrence of thioctic 
acid- -particularly acetyl thioctic acid and some of i t s  derivatives - -in a 
photosynthetic organism (Scenedesmus) and in an zcetoirm-f arming organism1 
(Aerobacter aerogenes),  together with a description of the d ~ r e c t  chemical 
acetylation of the ditbiol fo rm of thioctac acid. 
* Presen t  address: Laboratoire des Isotopes, h s t % t u t  Pasteur ,  P a r i s  
France .  French CullttaraB Relations Fellow, 195.3, 
** Presen t  address: Dept, of AgracuLturaB and BioPogica4 Chemistry, 
Pennsylvania State University, University Park ,  Pennsylvania, 
*** Presen t  address: Deparsment of Biology, Br a ~ k h a v e n  NarionaS. Labora- 
tory, Upton, Song Island., New Tork, 
Thioctic Acid Derivative i n  Aerobacter Aerogenes 
Aerobacter aerogenes,  s t r a in  VC, was grown in a medium containing 
170 glucose, 0. 370 pro teose  peptone, 0. 8 %  secondary potassium phosphate, 
and 10% tap water.  After 20 hours  of growth a t  30° C, the cells were  har - 
vested by centrifugation, washed twice with 0.1 - M phosphate buffer, and a 
1070 (wet weight) suspension was disintegrated in a phosphate buffer at pH 6 
for  20 minutes  in the Raytheon apparatus,  This disintegrated solution was 
centrifuged at 20,000 r p m  and the supernatant was used for  the following 
experiment.  
Products  of pyruvate -d4 metabolism 
The enzymatic extract  (0.2 to  0 .4  c c f  was diluted to  1 cc, and 0.30 mg  
of sodium pyruvate with a specific activity of 17, 5 pc/mg were  added. After 
P O  minutes,  an aliquot of the mixture  was chromatographed on Whatman No. 4 
t 
paper  in  the solvent sys tems phenol-water and butanol-pr opionic acid-water . 
Aside f rom a smal l  amount of residual  pyruvate, the major products 
consisted of a group of th ree  spots in  an  a r e a  on the radiogram character is t ic  
of phosphate e s t e r s .  These were  eluted and tested for thioctic acid biological 
activity on S. faecalis.  The middle spot of the three (Rf 0.22 x 0.45) was 
- 
the only one to  show such activity. None of these a reas ,  either before or 
af ter  hydrolysis,  showed biological activity for thiamin on the Neur ospora 
c r a s s a  mutant  G185, which requi res  thiamin or cocarboxylation for growth. 4 
A t ransformation of the coniurrate 
0 The above enzymae-pyruvate product was s tored three  weeks a t  -15 C 
and r echr  omatographed. The middle a rea ,  which has  biological activity for 
thioctic acid,  had diminished markedly,  and a radioactive a r e a  in the position 
of thioctic acid (or acetyl thioctic ac id)  appeared. The new radioactive corn- 
pound pos s e s  sed a radioactivity appr oxirnately equal to  the diminution of that 
in the conjugate which disappeared. An identical reaction, with a grea ter  
degree of transformation, was obtained when the enzyme-pyruvate mixture 
was boiled fo r  a few seconds and then rechromatographed. No quantitative 
information i s  available a s  to  the amount of biological activity that migra tes  
in a s  sociation with the migration of radioactivity. 
14 Formation f rom 6 -pyruvate of a thioctic conjugate in  presence  of excess  
thiamin pyr  ophosphate ( T P P )  
Another enzymatic experiment was performed with the additron of 
1 mg T P P  and 0. 5 m g  thioctic acid, phosphate buffer - 5 5 No thiamin 
was detected by bioassay in the conjugate or in any  o,P tk f  o th~i r  labeled prod-  
ucts before or after acid hydrolysis,  A new radiokctive spot d.id appear in  
these rad iograms a t  Rf 0 . 9  x 0.15. No thiarnirr was found associated with 
this radioactivity, 
Acetoin cannot be detected on the paper chromatogram, but i f  one adds 
acetoin c a r r i e r  to an aliquot of the enzymatic solution and ~ s o l a t s s  the c r y s -  
talline dinitrophenylosazone {after washing with dilute s o d i ~ ~ n  hydroxide to 
remove pyruvic hydrazone),  the activity of the three-times-secffystz11ized 
derivative shows that 87  percent  of the p y r u v a t ~  was converted into acetoin, 
Acetyl Thioctic Acid f rom Feeding Experiments with Scenedesmus 
14 After a 40 - r~ inu te  light photosynthetic fixation of p yruvate-2  -G 
three spots appeared in the lipid region of the radiogram, The m~iddle one 
(Rf 0. 8 x 0 .8;  the f a t s  move with the front in both solvents) had thioctic acid 
activity with Str eptoc occus faecal i  s ;  the others were  ~ n a c t i v e ,  The bio-active 
spot was eluted with ethanol-chloroform mixture and an aliquot hydrolyzed 
for 30 minutes  in 1 N sodium hydroxide in the absence of air, Then the mix- 
- 
tu re  was acidified using 2 N sulfuric acid, After addition of 30 m g  of acetic 
- 
acid a s  c a r r i e s  i t  was distilled, The acetate was isolated a s  the beneylthio- 
uronium sal t ,  and af ter  rwo er ystallications the actavity rcmalned constant. 
The fraction isolated a s  Babeled acetate  was 20 percent  of t h e  original activity, 
which was contaminated with phosphoBipids and s~rnilar compounds, Attempted 
hydrolysis of the bio-active spot in  sulfuric aend indicated that the compound 
was m o r e  stable to  acid tor-ditisns, 
Acetyl t r ans fe r  
Ethyl thioacetats c a r r i e r  (200 pg) was added to the elcited bio- and 
radioactive compound, Excess  hydroxylamine at pH 6 ,  5 reac ted  to  fo rm 
c 
the acetyl hydroxamie acid, which chromatographs vanidimensiona~~yY1 in 
butanol-propionic acid solverit with an R of 0, 66. The f e r r i c  chloride color f 
reaction with the hydroxamate corresponded exactly t o  the position of t h e  
radioactivity,  Of the init ial  eluted radioaetnvity, L O  to  15 percent  was finally 
obtained as acetyB hydroxamic acid,  
6 A s imi lar  t r a d e r  to sulfanilamide was attempted, but the Rf values 
for  acetyl sulfanilamide and the s tar t ing acetyl thioester were  too s imilar  
(Rf in  phenol, 0.79; Rf in butanol-propionic acid, 0. 70). I t  i s  therefore 
probable that the c w p o u n d  (Rf 0.8 x 0.8) i s  acetyl thioctic acid. The 
biological activity charac ter  i s  tic of thioctic acid, the acid stability and 
alkali lability, formation of authentic acetyl hydroxamic acid, and the 
chromatographic coincidence with synthetic acetyl thioc tic acid ( see  section 
on chemical  acetylation of 6, 8-dithioloctanoic acid) a l l  support this conclu- 
sion. 
Chemical  Acetylation of 6.8-Dithioloctanoic Acid 
Synthesis 
Labeled acet ic  anhydride was prepared  by an exchange reaction ,with 
carboxyl-labeled sodium acetate. Sodium acetate (5 mg) with a specific 
activity of 15 t ~ c / m g  was added to 10 A of acetic anhydride and allowed to 
stand 24 hours  a t  room temperature,  The activity of the liquid anhydride 
was 158, 000 cpm/1, determined i n  the acetanilide formed. Then, 1 mg of 
dithiol was dissolved in anhydrous pyridine and 1/2 X of acetic anhydride was 
added. The product was isolated by paper chr  omatography in butanol-pr o- 
pionic acid-water, and the yield was 84 percent ,  The diacetyl derivative 
was prepared ,  in the same way, by adding 1 m g  dithiol to  5 X acetic anhydride 
(ten t imes  excess) ,  with a yield of 90 percent.  
Paper  chromatography 
The mixture  obtained f rom the anhydrous pyridine -ac etie anhydride 
monoacetylation of the dithiol for 10 hours was chromatographed on paper,  
using butanol-propionic acid-water a s  solvent, and one radioactive spot 
was detected with an Rf of 0.88. In 70 percent  methanol-water, the Rf of 
the acetyl thioctic acid was 0-78;  i n  butanol-ethanol-water (80: 20: 20) the Rf 
was 0-89. It was not possible to  separate  the rnonoacetyl derivatives f rom 
the dithiol or the diacetyl thioctic acid by simple chromatography. They 
were  eas i ly  distinguished, however, by the nitroprusside color,  which i s  
purple fo r  the rnonoacetyl, orange for  the dithiol, and negative for  the 
diac etyl compound. 
The separat ion of the dithiol f r o m  the rnonoacetyl derivatives was 
achieved by addition of ar senite just before the application of the compound 
to the paper  chromatogram; this gives a ma te r i a l  with a negative 
nitroprusside tes t ,  With radioactive As 73'  74, the ar senite- thioctic complex 
has  the following Rf values: in butanol-propionic acid-water,  0. 94 - 0. 96: 
in butanol-ethawk 0,4; in butanol-ammonia, 0 ,25  - 0,28. By comparison, the 
triimethylenedithiol ar senite shows the following Rf values: in bntanol-pro- 
pionic acid-water, 0, 97; in butanol-ammonia, Q. 46; Radioactive a rsenic  
itself moves in  butanol-propionic acid-water with an It of 0.48; in butanoh- f 
ethanol, 0. 56; and butanok-ammonia, 0 ,  The migration of the monoacetyl 
thioctic acid i s  not changed af ter  either addition of a rseni te  at pH 7 ,  5, or 
chromatography in butand-ethanol-water containing 0,9 ,M - amount of a r  senite.  
Stability 
0 Seventy-eight percent  of the compound was hydrolyzed at  100 C in 
1 N sodium hydroxide for  30 minutes. In 2 N sulfuric acid, 17 percent was 
- - 
hydrolyzed after 2 hours  a t  1 0 0 ~  C, Tn both cases ,  the l iberated acetic acid 
was isolated after addition of c a r r i e r  and acidification, by means of a vacuum 
distillation and c r  ystallisation of the benzylthiour o n i m  sal t .  7 
Reaction with hydr oxylamine 
This react ion was f i r s t  examined by using ethyl thiolacetate prepared  
by addition of 28 g of ethyl, mercaptan to an ice-cold mixture  of 32, 5 g of 
acetylchloride in 80  c c  of anhydrous pyrfdine, After 14 hours ,  ice was added 
to  the react ion mixture,  then water ,  then 3  - N sulfuric acid in excess ,  The 
ethyl thiolacetate was  extracted with ether an& distilled, The yield was 67 
0 percent  of a compound boiling between 114 - l l b O  C. Upon the addition of 
hydr oxylamine, this compound gives acetyk hydroxamic acid, which can be 
detected by i t s  purple color after addition of f e r r i c  chloride.  Paper  chroma-  
tography shows that i n  phenol-water the acetyl hydroxyam-ic acid has an Rf 
of 0 .  71; in butanol-ammonia, 0, 54; in  butanol-propionic acid-water, 0. 6 6 ,  
With ethyl tkaioltscetate used a s  c a r r i e r ,  the monoaeetyl and diacetyl 
thioctic acid gave r i s e  to  labeled acetyl h y d r o x m i e  acid, and the radioactivity 
was exactly coincident on a paper 6=hromatagram r u n  in  butanol-propionic 
acid-water with the f e r r i c  chloride color tes t ,  
Photolysis of thioctic acid in  the presence of l a x e d  sodium pyruvate 
Thioctic acid (200 y )  was d i s s ~ l v e d  in l O O  y of 45 percen t  alcohol, 100 y 
of sodium pyruvate (specif ic  activity 17. 5 p~/mg)  were  added, and the mixture  
was evacuated on the high-vacuum Binc, The ultraviolet  l ight  was turned on 
for  one hour a t  room temperature,  and an aliquot of the mixture  was r u n  on a 
paper  chromatogram with butanol-propionic acid-water a s  solvent. One 
radioactive spot could be detected, with an Rf of 0.88. This spot, af ter  
elution, gave acetyl t ransfer  with hydroxylamine, which could be seen by the 
appearance of labeled acetyl hydroxyarnic acid on the paper chromatogram. 
This compound m u s t  be, therefore,  a thiol es te r ,  and c a l d  not be detected 
if the thioctic acid and sodium pyruvate were  kept in the dark.  The rad io-  
active spot was completely absent f rom the pyruvate chromatogram and did 
not appear  during photolysis of the pyruvate alone. The yield var ies  between 
2 and 5 percent ,  
This work was done under the auspices of the U. S. Atomic Energy 
C omanis sion. 
Pnf ormation Division 
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